THE study of infant mortality since universal registration of deaths first established in 1837 has brought to light the principal killing diseases of this period of life. Practical application of this knowledge, coupled with advances in prevention, diagnosis and treatment, has achieved a notable reduction in infant deaths. Whereas at the beginning of the present century the infant mortality rate per 1,000 live births had shown little drop since 1837, it is to-day no more than one-quarter of what it was then. In this connexion, however, it must be emphasized that this reduction has occurred more particularly in.the age-period 1-12 months and now more infants die in the first 28 days of life than in the succeeding 11 months. This saving in infant life has been effected particularly by a diminution in the number of deaths from infections. In the quinquennial period, 1896-1900, 25% of infant mortality was due to bronchitis or pneumonia. By the year 1940, this figure had dropped to 12-5 %. Gale (1945) has recently analysed the principal causes of infant mortality per 1,000 live births for the period 1931-35. These figures show that premature births accounted for 18, bronchitis and pneumonia 12-2, congenital malformations 5'9 and diarrhoea and enteritis 5*4, the total infant mortality from all causes being 62-3 per 1,000.
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THE study of infant mortality since universal registration of deaths first established in 1837 has brought to light the principal killing diseases of this period of life. Practical application of this knowledge, coupled with advances in prevention, diagnosis and treatment, has achieved a notable reduction in infant deaths. Whereas at the beginning of the present century the infant mortality rate per 1,000 live births had shown little drop since 1837, it is to-day no more than one-quarter of what it was then. In this connexion, however, it must be emphasized that this reduction has occurred more particularly in.the age-period 1-12 months and now more infants die in the first 28 days of life than in the succeeding 11 months. This saving in infant life has been effected particularly by a diminution in the number of deaths from infections. In the quinquennial period, 1896-1900, 25% of infant mortality was due to bronchitis or pneumonia. By the year 1940, this figure had dropped to 12-5 %. Gale (1945) has recently analysed the principal causes of infant mortality per 1,000 live births for the period . These figures show that premature births accounted for 18, bronchitis and pneumonia 12-2, congenital malformations 5'9 and diarrhoea and enteritis 5*4, the total infant mortality from all causes being 62-3 per 1,000.
Thus, it is clear that knowledge concerning infant mortality is considerable and is still growing. On the other hand, little precise information is available concerning morbidity in this age-period and references in the literature to this aspect of the subject are very meagre. An analysis of the age, sex and seasonal incidence of certain diseases is recorded by Tisdall et al. (1930) over a period of five years, one-third of the children having been admitted to hospital. The seven principal diseases of the 509 infants who were under a year of age were: erysipelas 117; intussusception 80; tetany 73; pyelitis 68; eczema 57; retropharyngeal abscess 38; and scurvy 34. Another view-point is presented by Epstein (1931) who reviewed the records of 1,000 consecutive autopsies in children in one hospital over a period of eight years. 548 of these were under 12 months of age and the principal causes of death were: pneumonia 114; tuberculosis 25; septicemia 23; purulent meningitis 39; prematurity 23; congenital malformations 67; marasmus 34; intoxications 62; and gastro-enteritis 20. He points out that these figures represent incidence in infants who have died and are not comparable with figures of incidence of disease in general.
More recently Collins (1948) in an endeavour to measure the extent of illness among infants under 1 year of age, has analysed the results of a series of periodic canvasses of fafmilies living in different parts of the United States of America. These show an illness rate of 1,447 cases per 1,000 years oflife: 669 per 1,000 were respiratory, 56 congenital malformations and diseases peculiar to early infancy and 722 due to miscellaneous causes. His tables show that the chief causes of illness among infants are the common respiratory and digestive disorders in contradistinction to the chief causes of mortality which are congenital malformations and the various conditions associated with early infancy. Birmingham Children's Hospital has a specially designed infants' block, accommodating 60 cots in cubicles, every infant being physically isolated. There are three floors of 20 cots, each staffed by a fully trained sister, a staff nurse and 12 nurses. This building was completed in 1939 but could not come into full use until after the war was over. I propose to base my observations on the patients treated in this block during the years 1946 to 1948 inclusive.
2,306 infants, all under 12 months of age, were admitted in this three-year period. Any infant admitted on more than one occasion for the same complaint (e.g. haemolytic disease of the newborn) has been counted as a single admission. An analysis of these cases has been attempted in the hope that it will illuminate in some way the type and incidence of the diseases of infancy as now encountered in hospital practice and perhaps focus more attention on this important aspect of child health. This hospital is the only one in the Midland Region devoted solely to sick children. In consequence it attracts patients from a very wide area and in view of the limited bed accommodation and the great pressure on the beds, many variable factors have to be taken into consideration in deciding on the admission of any individual case. Most of the minor disorders and diseases of infancy never reach in-patient hospital practice and there are many other reasons influencing the admission of babies to the hospital. Principal amongst these may be enumerated the availability of beds, the economic and environmental circumstances of the parents and their social background, as well as the type, nature and severity of infant maladies. The resources ofthe hospital, the interest in, enthusiasm or special facilities for the study and treatment of certain diseases and many other such considerations, all play their part. Another factor, so far as the Birmingham Children's Hospital is concerned, is that the arrangements in the special department for infants are such that approximately equal numbers of cots are reserved for infected cases and for non-infected cases and this segregation of the infants is adhered to strictly. Therefore, the individual admissions must of necessity be regulated and adjusted on this bed distribution basis. It will be appreciated, therefore, that I am dealing with a highly selected group of patients and in consequence my figures will not bear any relationship to the incidence of diseases in the infant population at risk.
With the foregoing reservations in mind, it is now proposed to consider in some detail the incidence, management and mortality of the types of disorder, disease and disability that a children's hospital in a thickly populated industrial area is called upon to treat in infants under 1 year of age. In the first place, the over-all mortality of these 2,306 cases was 376, namely 16-3 %. If one excludes 120 babies who were very gravely ill on admission, really beyond medical aid and dying within a few hours, the corrected death-rate will be reduced to 1I1 00%. When it is recollected that fifty years ago the infant mortality in this country was 16 3 per 100 live births, that is of all infants born alive, 80% of whom commence life without any existing disease, a mortality to-day in the same age-group of 16-3 % of ill or diseased infants demonstrates very clearly the progress that has been made in infant care.
The cases are divided into two broad groups (a) those admitted suffering from some infection, and (b) those whose disease on admission was not associated with or complicated by any demonstrable infection (Table I) . This list gives only the principal or main site of infection. Many of these babies had, either concurrently or subsequently, evidences of infection elsewhere in the body, but to attempt to detail all these would render the review unnecessarily complicated and confused. As would have been anticipated there is a very high incidence of respiratory and gastro-intestinal infections, indeed two out of every three infants admitted suffering from an infection had an involvement of either the respiratory or the alimentary tract. The clinical association between these two disease syndromes in infancy is very intimate and in an individual case it is often difficult to decide which is the primary etiological factor. In so far as possible, those infants whose illness appeared to originate with an upper respiratory infection and subsequently developed diarrheea with or without vomiting, have been included in the former group. It must be admitted, however, that this distinction is somewhat arbitrary, often controversial, perhaps even artificial and not always correct.
Throughout the period under review, chemotherapeutic treatment has been more or less standardized, being based on experience gained in the preceding years (Tables II and III) . When sulphonamide therapy was employed the large majority of these infants received either sulphathiazole or sulphadiazine. This must not be taken to imply that these are considered superior to other sulphonamides. The reason for their preference was that investigations prior to 1946 had taught their correct dosage to ensure adequate blood concentration. The dosage scheme that has been employed for sulphathiazole is 0-25 gramme per pound (0-55 gramme per kilo) of body-weight per day and for sulphadiazine 0-15 gramme per pound (0 33 gramme per kilo). It will be noticed that these doses are approximately four or five times the corresponding adult doses, but they are necessary to give and maintain adequate bacteriostatic blood concentrations. With the usual precautions that have been carried out as a routine, toxic phenomena have rarely been encountered and have never been of more than a minor character. Frequent estimations of blood concentrations must, of course, always be carried out when infants are being given these doses, as occasionally a very high level may be reached. (2) to be given at four-hourly intervals, (3) and (4) at four or six hourly intervals. This preparation is dispensed as a neutral suspension.
During 1946 and part of 1947 penicillin was given by intramuscular injection but when investigations (Moseley, 1948) had shown that in infants under 6 months of age adequate blood levels could be attained by oral administration, this latter method has been used except in the presence of severe vomiting or diarrhcea (Table IV, fig. 1 ). Table I ) Upper respiratory infections include a heterogeneous collection of cases whose clinical picture is often complex and confusing. The symptoms may range from a "grumbling" pyrexia of so-called uncertain origin to frank convulsions. The diagnosis may be obvious or only reached after detailed and searching investigations; on the one hand it may be a simple pharyngitis, on the other an occult mastoid infection. This group, which constituted the largest single type of infection dealt with, has a relatively low mortality rate.
A fatality incidence of one in four of infants admitted to hospital suffering from bronchitis andpneumonia with complete and comprehensive methods of therapy available is depressing and disturbing. In this connexion, however, it should be explained that the hospital receives these patients from two main sources, the Casualty Department or the general practitioner, and all were seriously ill. Some had not had any treatment, some had had sporadic or inadequate therapy and some had failed to respond to really good treatment. Clearly, there is an urgent necessity for further research and investigation into this problem. Prophylaxis must, of course, come first and here good hygienic surroundings, good nutrition and a keen appreciation of the risks of infection are points to emphasize. Recognition of the disease in the earliest possible stage, a realization of its gravity and the prompt institution of therapy based on present knowledge would, I am sure, achieve a significant reduction in the death-rate. Post-mortem examination of the fatal cases showed that complications of one kind or another were almost invariably present. In those dying in the neo-natal period intracranial haemorrhage of minor or major extent was found in many, so perhaps here the pneumonia might more correctly be described as a complication than as the original disease. But as their clinical illnesses were respiratory they have been included in this group. In the older infants, otitis media was a not infrequent complication seen at autopsy.
The majority of the infants who succumbed to gastro-enteritis also had an associated mastoiditis, some of which had been recognized and treated during life. The relationship between these two diseases baffles elucidation but does not prevent the postulation of a number of hypotheses and conflicting opinions. As I have stated previously (Smellie, 1939) I cannot subscribe to the view that all cases of infantile diarrhoea are due to parenteral infection, either in the upper respiratory tract or elsewhere. Were this so the curve of incidence of mastoiditis and gastro-enteritis would coincide, but this is contrary to experience. In this country infantile gastro-enteritis does not have any significant seasonal variation, whereas otitis media continues to be much more prevalent in the winter than in the summer months, as shown in fig. 2 enteritis are essentially symptomatic, i.e. the correction of the fluid and electrolytic imbalance by the administration of the appropriate quantity and quality of fluids and salts. Sulphonamides and penicillin have certainly been most valuable therapeutic adjuncts but their success has fallen short of our expectations. Our experience has confirmed that the prognosis in meningitis-excluding tuberculousdepends very largely on the duration of the infection before the introduction of chemotherapy. When the patients are received in the early stage of the disease and intensive therapy instituted the mortality is very low. A mortality rate of 11 5 % in skin infections is explained by the fact that the 3 fatal cases occurred in babies in the early weeks of life, at a time when it is known that immunological responses are very poorly developed. At this period of life, much more than at any other, measures to prevent infection must not and cannot be relaxed although we have at our disposal so many potent remedies. Prophylaxis must continue to be our watchword.
Tuberculosis.-Streptomycin has been available for the treatment of tuberculous meningitis and miliary tuberculosis for about fifteen months. During this period 7 such cases have been treated. 4 were suffering from tuberculous meningitis and all have died. The other 3 were cases of miliary tuberculosis without meningeal involvement; these are responding most satisfactorily, are gaining weight and are very well, but radiologically the pulmonary lesions cannot yet be considered healed.
Other infections include genito-urinary infections, non-localized neo-natal infections, osteomyelitis, stomatitis, septicemia, purulent arthritis, congenital syphilis, &c.
In consideration of an over-all mortality rate of 17-3 % in these 904 infected cases, Cruickshank's (1945) observations on infection in infancy are of considerable significance. He has pointed out that the outstanding feature of infection at this period of life is that it is due very largely to bacteria that are endogenous in older children and adults with but little power to initiate infection. Perhaps this may explain, in part at least, why the sulphonamides and penicillin appear to be less efficacious in the infections of infancy.
NoN-iNFEcTED CASES Passing now to those infants whose disease or disability on admission to hospital was not due to or associated with any infection, there is a total of 1,402 with a mortality of 15-7% (see Table V ). According to Davison (1946) pyloric stenosis has an incidence in this country of 3 per 1,000 live births. In England and Wales there were 886,800 live births in 1947, giving a total incidence of pyloric stenosis of 2,660; in Birmingham there are about 23,000 live births each year and this would account for about 70 cases.
It will be seen that our mortality rate is 2 1 %. 6 of these deaths occurred in 1946, there were no deaths in 102 cases in 1947 and only 1 death-in a very marasmic infant-in 1948. Thus out of 207 cases treated in 1947-48 there was only one death, that is the mortality rate was under 0 5 %. In over 99 % of these cases the treatment was surgical. Appreciating that pyloric stenosis successfully treated gives a complete recovery and failing treatment many infants must succumb, the early diagnosis and facilities for up-to-date treatment are of paramount importance. The case mortality in this country is about 16 % and may be even higher (Davison, 1946) ; a reduction of this figure to 1 % or less would be a great achievement which we should be able to attain, with, it may be emphasized, complete and permanent restoration to health.
"Feeding problems" is a term which has been used to cover a rather vague and ill-defined group of infants admitted with a variety of suspected ailments, e.g. pyloric stenosis, pylorospasm, marasmus, fibrocystic disease of the pancreas, &c. All were under weight and a number were definitely marasmic. Detailed observation and investigation failed to reveal any evidences of organic disease and treatment demonstrated that the fault lay with the feeding and general management rather than with the infant. During the period with which I am concerned, an investigation into the feeding of marasmic infants on a high protein diet was proceeding (Smellie, 1948) . The feeds that were used provided approximately 60 calories and 3 grammes of protein per pound (6-6 grammes per kilo) of body-weight per day. Such infants tolerate these feeds well and their general progress and weight gain was very satisfactory; they seemed to do better on these augmented feeds.
Hamolytic disease of the newborn.-These 86 infants were admitted at varying ages and states-of their illness. Some' were only a few hours old and were known or suspected cases admitted for observation and treatment if required. Others were only received after several days and some were already gravely ill. The general scheme of treatment that has been carried out during the period under review was, in the presence of an anwmia of 70% or more, transfusions of the appropriate quantity of Rh-negative blood to restore the haemoglobin to 90-100%. Our present practice is to give the blood by the "shot" method directly into a scalp or other superficial vein and only exceptionally is the "drip" technique employed. Experience has taught that 80 or even 100 c.c. of blood can safely be given at one time, provided the injection is given slowly, the time allowed being twenty to thirty minutes. When more than this amount is needed to restore the hemoglobin to a satisfactory level, an interval of four to six hours is allowed to elapse before the second injection. In some cases packed cells have been used. In no case has a replacement transfusion been given. The case mortality of this series was 25-6 %. Kernicterus was demonstrable in 18 out of 22 fatal cases, 2 showed some biliary cirrhosis, and the remaining two died of neo-natal infections.
Hamorrhagic disease ofthe newborn.-A death-rate ofnearly one in three ofinfants suffering from hlemorrhagic disease of the newborn deserves some comment, bearing in mind that these patients belong to a highly selected group and are very far from being a representative cross-section of this disease. One died of neo-natal pneumonia but in the remaining 8 the cause of death was hmmorrhage. 3 of these were premature infants, all of whom were gravely ill, 2 dying within a few hours in spite of immediate blood transfusion and other resuscitative measures. In 4 there was massive pulmonary hzemorrhage and in 2 others the main site of the bleeding was the gastro-intestinal tract. None of these infants had any intracranial hemorrhage; none had received any vitamin K. All except 1 died within six to eighteen hours of admission. One premature infant lived for six days but vitamin K and blood transfusions failed to control the haemorrhage and at autopsy the gastro-intestinal tract was almost filled with blood. It cannot be questioned that vitamin K has reduced both the morbidity and the mortality of hemorrhagic disease of the newborn to a very significant extent, more particularly as a prophylactic, but there remain some cases where the bleeding is not controlled. In such there must be a deficiency or disturbance of factors additional to prothrombin but what these may be is not yet known. Deficient fibrinogen may be a factor in some of these.
It is an interesting and most pleasing reflection on the overwhelming success of the propaganda against the vitamin deficiency diseases that no case of rickets that may have been seen was sufficiently severe to necessitate in-patient treatment and there were only two cases of scurvy. One of these has an interesting moral that we are sometimes apt to overlook, namely, that disease must not be treated to the neglect of the patient. This was an infant of 9 months of age, who, six months previously, had developed eczema. This responded very satisfactorily to a soya bean preparation which his mother kept him on to the exclusion of every other food or supplement. On admission he had well-marked clinical signs of scurvy associated with a mild rickets. On a mixed diet and vitamin therapy a cure was soon effected without any recurrence of the eczema.
Other congenital abnormalities.-These are a heterogeneous collection of congenital malformations with an inevitable death in many, hence the high mortality rate. Included in these were congenital heart disease, 23 cases; fibrocystic disease of the pancreas, 19; congenital malformations of the cesophagus, 8; meningocele, 11; and duodenal or intestinal obstruction, 18.
DIscussIoN
One of the principal reasons that led me to undertake this survey was that in Birmingham we are fortunate to have a special unit accommodating 60 infants on the cubicle system. This building was designed shortly before the war and incorporated all the latest ideas. So far as I am aware, there is no other comparable hospital accommodation of this size and character in this country. It was felt, therefore, that we in Birmingham had a duty to let others know what our experiences have been and thereby perhaps contribute something to the welfare of the infant population as a whole. With the number of cots that are available a three-year period has provided a sufficiently large number of cases to enable some assessment to be made of the results that are being obtained.
Appreciating the selection and limitation in type and character of the cases with which I have been dealing, it may be of interest to compare the diseases that necessitated admission to hospital with those that were fatal (Tables VI and VII) .
In both groups congenital abnormalities occupy a prominent position, and in the present state of knowledge a high mortality must be accepted, but recent advances in surgical treatment are opening up new approaches. The problems of nutrition and feeding are coming under control and the treatment ofpyloric stenosis is producing brilliant results. On the other hand, respiratory andpulmonary infections and the so-called diarrhwa and vomiting syndrome remain still as major problems. Peediatricians have been rebuked (Cruickshank, 1945) for being too much concerned with infection in the individual child and not enough with infection in the child community. We must take up this challenge. The quickly advancing knowledge concerning hwmolytic disease of the new-born should soon bear fruitful results with a diminution in both incidence and mortality.
It is now generally realized that the admission of an infant to hospital carries grave responsibilities, with considerably increased risks of contracting infection of one kind or another unless very special precautions are adopted. Indeed, it has been claimed in some quarters that however strict and careful may be the practice in hospital to combat these risks, they remain a very real and more or less unsurmountable problem. In consequence some have urged that in-patient treatment for infants should be reserved exclusively for the comparatively small number who literally cannot, even under good circumstances, obtain the requisite treatment in their own homes. I do not know of any figures relative to the mortality of a comparable series of ill infants treated in their own homes with those treated AUG.-PEDIAT. 3 Gostro-enteritK so70 100 in hospital but I am very conscious of the difficulties, the trials and the tribulations that mothers of infants and children have to overcome in their homes in a thickly populated industrial area in England to-day. I find it difficult to believe that a mortality rate of seriously ill babies in such an environment is less than the 11 1 % which has been the experience of the Birmingham Children's Hospital. It would not surprise me if it were very much more.
